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a frequency dividing circuit, the programmable volt-
age-controlled oscillator circuit and the frequency divid-
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subsidiary circuit, and output a clock signal according to
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configured to perform a frequency dividing operation on
the clock signal output by the programmable voltage-con-
trolled oscillator circuit; and a crystal oscillator circuit con-
nected to the phase-locked loop, which includes a crystal
and an oscillation injecting circuit connected to the crys-
tal, the oscillation injecting circuit is configured to convert
the clock signal performed with the frequency dividing
operation to a co-frequency fully differential signal, and
inject the co-frequency fully differential signal into the
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Description
TECHNICAL FIELD

[0001] The present invention relates to the field of crystal oscillator technologies and, in particular, to a computer
readable storage medium, a quick-start clock system and a control method thereof.

BACKGROUND

[0002] Because a series branch of a crystal has a relatively large quality factor Q value, and a ratio of capacitance of
a parallel capacitor Cp to capacitance of a series branch Cs is very large, a period for natural oscillation of a crystal
oscillator circuit usually takes more than 1000 cycles. In order to accelerate the speed for oscillation of the crystal
oscillator, the most direct method is to give the crystal an initial energy, where the larger the initial energy, the faster the
speed for oscillation thereof.

[0003] In the prior art, to give a crystal an initial energy, a common implementation includes: giving a relatively large
step voltage excitation to both ends of the crystal, or continuously injecting energy into the crystal with a relaxation
oscillator having a frequency close to a resonance frequency.

[0004] However, with respect to the implementation of giving a relatively large step voltage excitation to both ends of
a crystal, ultimate effects of this method are restricted due to a limited voltage withstand capability of the transistor itself, ;
with respect to the implementation of injecting with a relaxation oscillator, since the crystal has a very high Q value,
which means that a frequency selection bandwidth of a resonant circuit is very narrow, and process, temperature, and
power voltage influences will result in a relatively big variation in a center frequency of the relaxation oscillator, thus,
ultimate effects of the implementation are greatly reduced; besides, when an injection frequency deviates from the
resonance frequency of the crystal, a modulation frequency will be generated for the crystal, and injection efficiency will
also be affected.

SUMMARY

[0005] The presentinvention provides a computer readable storage medium, a quick-start clock system and a control
method thereof, which is applied to solve the problem in the prior art that, injection efficiency is not high and varies
severely in a small batch process validation test (PVT) due to a big deviation between a resonant frequency of a frequency
injecting oscillator with fast oscillation and that of a crystal.

[0006] A first aspect of the present invention is intended to provide a quick-start clock system, including:

a digital subsidiary circuit which is configured to output a digital control value;

a phase-locked loop which includes a programmable voltage-controlled oscillator circuit and a frequency dividing
circuit, where the programmable voltage-controlled oscillator circuit and the frequency dividing circuit are connected
to the digital subsidiary circuit, and the frequency dividing circuit is connected to the programmable voltage-controlled
oscillator circuit, the programmable voltage-controlled oscillator circuit is configured to obtain the digital control value
output by the digital subsidiary circuit, and output a clock signal according to the digital control value, the frequency
dividing circuitis configured to perform a frequency dividing operation on the clock signal output by the programmable
voltage-controlled oscillator circuit; and,

a crystal oscillator circuit connected to the phase-locked loop, which includes a crystal and an oscillation injecting
circuit connected to the crystal, where the oscillation injecting circuitis configured to convert the clock signal performed
with the frequency dividing operation to a co-frequency fully differential signal, and inject the co-frequency fully
differential signal into the crystal.

[0007] In the system as described above, the digital subsidiary circuit includes a digital memory which is connected
to a digital control terminal of the programmable voltage-controlled oscillator circuit, the digital control terminal is con-
figured to, when the phase-locked loop starts operating, automatically search a frequency band control word correspond-
ing to a voltage and frequency of the programmable voltage-controlled oscillator circuit.

[0008] In the system as described above, the digital subsidiary circuit further includes a digital counter connected to
the frequency dividing circuit, and the digital counter is configured to count the number of injection cycles of the injection
of co-frequency fully differential signal into the crystal.

[0009] In the system as described above, the digital counter is configured with a count control terminal which is
configured to control, according to a count control signal received, the digital counter to perform or stop a counting
operation.

[0010] In the system as described above, the crystal oscillator circuit further includes a negative resistance circuit
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which is connected to the crystal;

the phase-locked loop further includes a filter circuit and a phase frequency detecting circuit connected to the negative
resistance circuit, the phase frequency detecting circuit is connected to the filter circuit and the oscillation injecting circuit.
[0011] Inthe system as described above, the negative resistance circuit is configured with a negative resistance control
terminal which is configured to control a connection or disconnection between the negative resistance circuit and the
crystal according to a negative resistance control signal received.

[0012] In the system as described above, the phase frequency detecting circuit and the filter circuit are respectively
provided with a detection control terminal and a filter control terminal, the detection control terminal is configure to control
a connection or disconnection of the phase frequency detecting circuit according to a detection control signal received,
the filter control terminal is configure to control a connection or disconnection of the filter circuit according to a filter
control signal received.

[0013] Inthe system as described above, a voltage control terminal of the programmable voltage-controlled oscillator
circuit is connected to a reference voltage circuit which is configured to provide a reference voltage signal for controlling
the programmable voltage-controlled oscillator circuit to operate.

[0014] Inthe system as described above, the reference voltage circuit includes a switch which is configured to perform
a connection or disconnection operation according to a voltage control signal received.

[0015] Inthe system as described above, the oscillation injecting circuit is configured with an injection control terminal
which is configured to control a connection or disconnection between the oscillation injecting circuit and the crystal
according to an injection control signal received.

[0016] A second aspect of the present invention is intended to provide a control method based on the above quick-
start clock system, including:

obtaining an injection control signal which is configured to control the oscillation injecting circuit and a negative
resistance control signal which is configured to control a negative resistance circuit; and

controlling the quick-start clock system according to the injection control signal and the negative resistance control
signal.

[0017] Inthe control method as described above, the controlling the quick-start clock system according to the injection
control signal and the negative resistance control signal includes:

if the injection control signal is in a preset active state, and the negative resistance control signal is in a preset
inactive state, controlling the oscillation injecting circuit to inject a co-frequency fully differential signal into the crystal;
or

if the injection control signal is in a preset inactive state, and the negative resistance control signal is in a preset
active state, controlling the crystal to form an oscillation loop with the phase-locked loop through the negative
resistance circuit.

[0018] In the control method as described above, further including:

if the injection control signal is in a preset active state, obtaining a first count control signal, and controlling the digital
counter to start a counting operation according to the first count control signal; or

if the injection control signal is in a preset inactive state, obtaining a second count control signal, and controlling the
digital counter to stop a counting operation according to the second count control signal.

[0019] In the control method as described above, further including:

if the negative resistance control signal is in a preset active state, obtaining a first detection control signal and a first
filter control signal, controlling the phase frequency detecting circuit to start operating according to the first detection
control signal, and controlling the filter circuit to start operating according to the first filter control signal; or

if the negative resistance control signal is in a preset inactive state, obtaining a second detection control signal and
a second filter control signal, controlling the phase frequency detecting circuit to stop operating according to the
second detection control signal, and controlling the filter circuit to stop operating according to the second filter control
signal.

[0020] A third aspect of the present invention is intended to provide a computer readable storage medium having
stored thereon a program instruction, where the program instruction is configured to implement the control method of
the quick-start clock system described in the second aspect.

[0021] The computer readable storage medium, the quick-start clock system and the control method thereof according
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to the present invention effectively solve the problem in the prior art that injection efficiency is not high and varies severely
in a PVT due to a big deviation between a resonant frequency of a frequency injecting oscillator with fast oscillation and
that of a crystal, besides, additionally solve the problem that a frequency injecting implementation requires more costs,
specifically, by means of multiplexing the programmable voltage-controlled oscillator in the phase-locked loop, using a
frequency divided clock whose frequency coarsely tuned whereby as an input source, and setting up the number of
injecting times according to coarse tuning accuracy of the added digital subsidiary circuit, injection efficiency of the
crystal is improved, and the crystal can be started up quickly without increasing costs, ultimately the speed for oscillation
ofthe whole clock system isimproved, and stability and reliability of the method are further guaranteed, which is conducive
to promotion and application in the market.

BRIEF DESCRIPTION OF DRAWINGS
[0022]

FIG. 1is afirst schematic structural diagram of a quick-start clock system according to an embodiment of the present
invention;

FIG. 2 is a second schematic structural diagram of a quick-start clock system according to an embodiment of the
present invention;

FIG. 3 is a schematic diagram illustrating voltage-control word-frequency characteristics of a programmable voltage-
controlled oscillator circuit according to an embodiment of the present invention;

FIG. 4 is a schematic diagram illustrating an equivalent circuit of a crystal oscillator circuit in a quick-start mode
according to an embodiment of the present invention;

FIG. 5 is a schematic diagram illustrating a waveform of an inductor current when a Q value of a crystal is extremely
large according to an embodiment of the present invention;

FIG. 6 is a schematic diagram illustrating a waveform of an inductor current under different injection frequency
offsets; and

FIG. 7 is schematic flowchart of a control method based on a quick-start clock system according to an embodiment
of the present invention.

[0023] In the drawings:

100 crystal oscillator circuit 101 crystal

102 oscillation injecting circuit 103 negative resistance circuit
200 digital subsidiary circuit 201 digital memory

202 digital counter 300 phase-locked loop

301 programmable voltage-controlled oscillator circuit

302 frequency dividing circuit

303 reference voltage circuit 304 switch

305 phase frequency detecting circuit 306 filter circuit

DESCRIPTION OF EMBODIMENTS

[0024] In order to make objectives, technical solutions and advantages of the embodiments of the present invention
clearer, the technical solutions in the embodiments of the present invention will be described hereinafter clearly and
comprehensively with reference to the accompanying drawings in the embodiments of the present invention. Apparently,
the described embodiments are part rather than all of the embodiments of the present invention. Based on the embod-
iments of the present invention, all the other embodiments obtained by those of ordinary skill in the art without creative
work are within the protection scope of the present invention.

[0025] Inthe presentinvention, the terms "installation", "connection”, "fixation" and the like are to be construed broadly.
For example, the "connection" may be a fixed connection, a detachable connection, or an integral connection. For those
of ordinary skill in the art, specific meanings of the above terms in the present invention can be understood on a case-
by-case basis.

[0026] It should be noted that in the description of the present invention, the terms "first" and "second" are used merely
for convenience in describing different components, but are not to be construed as indicating or implying a sequence
relationship, relative importance, or implicitly indicating the number of technical features indicated. Thus, features defined
with "first" and "second" may explicitly or implicitly include at least one of the features.
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[0027] Unless otherwise defined, all technical and scientific terms used herein have meanings the same as those
commonly understood by persons of ordinary skill in the art to which the present invention belongs. The terms used in
the description of the present invention are merely for the purpose of describing specific embodiments, but are not
intended to limit the present invention.

[0028] Some embodiments of the present invention are described in detail below with reference to the accompanying
drawings. In the case where there is no conflict between the embodiments, the following described embodiments and
the features in the embodiments may be combined with each other.

[0029] FIG. 1 is a first schematic structural diagram of a quick-start clock system according to an embodiment of the
presentinvention. As shown in FIG. 1, the present embodiment provides a quick-start clock system, which may effectively
solve shortcomings in the prior art during injection with a relaxation oscillator, and which is applicable to: a clock system
utilizing a crystal oscillator circuit 100 or including the crystal oscillator circuit 100 and a phase-locked loop 300, and a
scenario where a very fast stabilized speed is required for the entire clock. Specifically, the system may include: the
crystal oscillator circuit 100, a digital subsidiary circuit 200 connected to the crystal oscillator circuit 100 and the phase-
locked loop 300 connected to the digital subsidiary circuit 200; where the crystal oscillator circuit 100 includes a crystal
which is configured to generate an oscillation frequency; the phase-locked loop 300 is configured to generate a clock
signal which can be injected into the crystal oscillator circuit 100, so as to inject energy into the crystal in the crystal
oscillator circuit 100, and thus the speed for oscillation of the whole system may be accelerated; the digital subsidiary
circuit 200 is configured to count the number of times for which the clock signal is injected into the crystal oscillator circuit
100, and can control the clock signal injection operation of the phase-locked loop 300 according to the number of times
counted for the clock signal.

[0030] Specifically, the digital subsidiary circuit 200 is configured to output a digital control value.

[0031] The phase-locked loop 300 includes: a programmable voltage-controlled oscillator circuit 301 and a frequency
dividing circuit 302, the programmable voltage-controlled oscillator circuit 301 and the frequency dividing circuit 302 are
connected to the digital subsidiary circuit 200, and the frequency dividing circuit 302 is connected to the programmable
voltage-controlled oscillator circuit 301; where the programmable voltage-controlled oscillator circuit 301 is configured
to obtain the digital control value output by the digital subsidiary circuit 200, and output a clock signal according to the
digital control value, the frequency dividing circuit 302 is configured to perform a frequency dividing operation on the
clock signal output by the programmable voltage-controlled oscillator circuit 301; and

the crystal oscillator circuit 100 is connected to the phase-locked loop 300, which includes: a crystal 101 and an oscillation
injecting circuit 102 connected to the crystal 101, the oscillation injecting circuit 102 is configured to convert the clock
signal performed with the frequency dividing operation to a co-frequency fully differential signal, and inject the co-
frequency fully differential signal into the crystal 101.

[0032] The programmable voltage-controlled oscillator circuit 301 included in the phase-locked loop 300 may output
a clock signal which may be used as a reference clock signal of the phase-locked loop 300, after the reference clock
signal is subjected to the frequency dividing operation by the frequency dividing circuit 302, a frequency divided clock
signal whose frequency has been coarsely tuned can be obtained, the frequency divided clock signal can be used as
an input source clock signal of the crystal oscillator circuit 100.

[0033] Additionally, a voltage control terminal of the programmable voltage-controlled oscillator circuit 301 is connected
with a reference voltage circuit 303. Furthermore, the reference voltage circuit 303 may include a switch 304 which is
configured to perform a connection or disconnection operation according to a voltage control signal received, so as to
controlwhether the voltage control terminal of the programmable voltage-controlled oscillator circuit 301 can be connected
to a reference voltage. For example, when the switch 304 is switched off, the programmable voltage-controlled oscillator
circuit 301 is disconnected from the reference voltage circuit 303, in which case the programmable voltage-controlled
oscillator circuit 301 cannot be connected to the reference voltage; when the switch 304 is switched on, the programmable
voltage-controlled oscillator circuit 301 is connected to the reference voltage circuit 303, in which case the programmable
voltage-controlled oscillator circuit 301 is connected to the reference voltage V.

[0034] Additionally, the oscillation injecting circuit 102 is configured with an injection control terminal which is configured
to control the connection or disconnection between the oscillation injecting circuit 102 and the crystal 101 according to
an injection control signal received. For example, when the injection control signal is in an active state, the oscillation
injecting circuit 102 is connected to the crystal 101, in which case the oscillation injecting circuit 102 can inject a signal
into the crystal 101; when the injection control signal is in an inactive state, the oscillation injecting circuit 102 is discon-
nected from the crystal 101, in which case the oscillation injecting circuit 102 cannot inject a signal into the crystal 101.
[0035] Its working principle is: the programmable voltage-controlled oscillator circuit 301 can obtain a digital control
value from the digital subsidiary circuit 200, the value may be a preset digital value, or may be a digital value in an
historical operation; the programmable voltage-controlled oscillator circuit 301 can output a corresponding clock signal
according to the digital control value, after the clock signal is subjected to the frequency dividing operation by the
frequency dividing circuit 302, a first clock signal is obtained, and the first clock signal can be input into the oscillation
injecting circuit 102 and the digital subsidiary circuit 200, where the oscillation injecting circuit 102 can convert the input
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first clock signal into a co-frequency fully differential signal (a second clock signal), and inject the co-frequency fully
differential signal into the crystal 101, thus injecting energy into the crystal 101.

[0036] The quick-start clock system according to the embodiment effectively solves the problem in the prior art that,
injection efficiency is not high and varies severely in a PVT due to a big deviation between a resonant frequency of a
frequency injecting oscillator with fast oscillation and that of the crystal 101, besides, additionally solve the problem that
a frequency injecting implementation requires more costs, specifically, by means of multiplexing the programmable
voltage-controlled oscillator in the phase-locked loop 300, and using a frequency divided clock whose frequency coarsely
tuned whereby as an input source clock signal, injection efficiency of the crystal 101 is improved, and the crystal 101
can be started up quickly without increasing costs, ultimately the speed for oscillation of the whole clock system is
improved, and stability and reliability of the method are further guaranteed, which is conducive to promotion and appli-
cation in the market.

[0037] Based on the above embodiment, with a continued reference to FIG. 1, the digital subsidiary circuit 200 in the
present embodiment may include: a digital memory 201 which is connected to a digital control terminal of the program-
mable voltage-controlled oscillator circuit 301, the digital control terminal is configured to, when the phase-locked loop
300 is operating, automatically search a frequency band control word corresponding to a voltage and frequency of the
programmable voltage-controlled oscillator circuit 301, the frequency and voltage of the clock signal output by the
programmable voltage-controlled oscillator circuit 301 may be adjusted according to the frequency band control word.
[0038] The digital memory 201 may be configured to store a digital control value. The digital control value may be
preset by a user, or may be an optimal control value stored by the system in a historical operation state; the programmable
voltage-controlled oscillator circuit 301 can read a corresponding digital control value from the digital memory 201.
[0039] Additionally, the digital subsidiary circuit 200 may further include a digital counter 202 connected to the frequency
dividing circuit 302, and the digital counter 202 is configured to count the number of injection cycles of the injection of
co-frequency fully differential signal into the crystal 101. The digital counter 202 is configured with a count control terminal
which is configured to control, according to a count control signal received, the digital counter 202 to perform or stop a
counting operation; for example, when the count control signal is a starting signal, then the digital counter 202 starts a
counting operation; if the count control signal is a stopping signal, then the digital counter 202 stops a counting operation.
The count control signal may be an enabling signal input or set by a user, which is configured to control the counter to
start/stop counting.

[0040] By setting the digital subsidiary circuit 200 to include the digital memory 201 and the digital counter 202, the
programmable voltage-controlled oscillator circuit 301 may directly obtain a corresponding digital control value from the
digital memory 201, such that quality and efficiency of obtaining the digital control value are effectively improved; addi-
tionally, a maximum number of injection times may be set through the digital counter 202 and clock accuracy of an
injecting clock source (namely, the frequency dividing circuit 302), such that an adjustment to the injection times is
realized for the crystal based on the use of the clock signal whose frequency has been coarsely tuned by the frequency
dividing circuit 302 as an input source clock signal, in combination with the digital counter 202 in the digital subsidiary
circuit 200, moreover, effective control of an injecting operation is further improved for the crystal 101, and stability and
reliability of use of the system are guaranteed.

[0041] FIG. 2 is a second schematic structural diagram of a quick-start clock system according to an embodiment of
the present invention. Based on the above embodiments, with a continued reference to FIG. 2, in order to improve the
convenience for utilizing the system, the crystal oscillator circuit 100 in the present embodiment further includes: a
negative resistance circuit 103 which is connected to the crystal 101.

[0042] The phase-locked loop 300 may further include: a filter circuit 306 and a phase frequency detecting circuit 305
connected to the negative resistance circuit 103, the phase frequency detecting circuit 305 is connected to the filter
circuit 306 and the oscillation injecting circuit 102.

[0043] The negative resistance circuit 103 is configured with a negative resistance control terminal which is configured
to control a connection or disconnection between the negative resistance circuit 103 and the crystal 101 according to a
negative resistance control signal enb received. For example, when the negative resistance control signal is in an active
state, the negative resistance circuit 103 and the crystal 101 are in a connected state; when the negative resistance
control signal is in an inactive state, the negative resistance circuit 103 and the crystal 101 are in a disconnected state.
[0044] And the phase frequency detecting circuit 305 and the filter circuit 306 are respectively provided with a detection
control terminal and a filter control terminal, the detection control terminal is configure to control a connection or discon-
nection between the phase frequency detecting circuit 305 and a further circuit or module according to a detection control
signal enb received, the filter control terminal is configure to control a connection or disconnection between the filter
circuit 306 and a further circuit or module according to a filter control signal enb received; for example, when the detection
control signal enb is in an active state, the phase frequency detecting circuit 305 and the negative resistance circuit 103
are in a connected state; when the detection control signal enb is in an inactive state, the phase frequency detecting
circuit 305 and the negative resistance circuit 103 are in a disconnected state; when the filter control signal enb is in an
active state, the filter circuit 306 and the phase frequency detecting circuit 305 are in a connected state; when the filter
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control signal enb is in an inactive state, the filter circuit 306 and the phase frequency detecting circuit 305 are in a
disconnected state.

[0045] In a specific application, the embodiment of the present application may provide a quick-start clock system with
high accuracy. As shown in FIG. 2, the system consists of three main parts: a crystal oscillator, the phase-locked loop
300 and the digital subsidiary circuit 200. Additionally, the system may include two operation modes: a quick-start mode
and a normal operation mode, a switch therebetween is achieved by a control signal. Specifically, the control signal
includes the injection control signal en and the negative resistance control signal enb.

[0046] With respect to the system, it enters the quick-start mode first, in which case the injection control signal en=1
(a preset active state), and the negative resistance control signal enb=0 (a preset inactive state). Additionally, control
terminals in the system under control of the en (including the injection control terminal of the oscillation injecting circuit
102, the count control terminal of the digital counter 202, the voltage control terminal of the programmable voltage-
controlled oscillator circuit 301, and the like) are switched on, and control terminals under control of the enb (including
the negative resistance control terminal of the negative resistance circuit 103, the detection control terminal of the phase
frequency detecting circuit 305, the filter control terminal of the filter circuit 306, and the like) are switched off, thus, the
negative resistance circuit 103, the phase frequency detecting circuit 305 and the filter circuit 306 are turned off, the
programmable voltage-controlled oscillator circuit 301 will read a digital control value from the digital memory 201, the
value may be an optimal digital control value obtained in a previous normal operation mode.

[0047] The digital control terminal of the programmable voltage-controlled oscillator circuit 301 acts as a coarse tuning
terminal of the oscillator, and the oscillation frequency can be controlled below an offset of 5% by means of adjusting
the digital control terminal. Specifically, when the phase-locked loop 300 starts operating, the programmable voltage-
controlled oscillator circuit 301 can automatically find a set of frequency band control words most approximate to frequency
multiplication of a reference frequency by using a preset binary search algorithm, where the frequency band control
words are related to the voltage and frequency of the programmable voltage-controlled oscillator circuit 301, reference
may be made to FIG. 3 for details; after a frequency band control word is searched, the programmable voltage-controlled
oscillator circuit 301 generates a corresponding clock signal based on the frequency band control word and a reference
voltage which is input in. Further, the determined frequency band control word may be stored by the digital memory 201
for use in a next quick-start.

[0048] Additionally, the voltage control terminal of the programmable voltage-controlled oscillator circuit 301 may be
connected to a reference voltage Vg, the programmable voltage-controlled oscillator circuit 301 can output a clock signal
based on the reference voltage. After being subjected to the frequency dividing operation by the frequency dividing
circuit 302, the clock signal is input into the oscillation injecting circuit 102 and the digital counter 202, where the oscillation
injecting circuit 102 converts the input clock signal into a co-frequency fully differential signal for output and injects it into
the crystal 101, and the digital counter 202 counts the number of injection cycles according to the frequency divided
clock signal received. It should be noted that, the specific structure of the oscillation injecting circuit 102 is not limited in
the present embodiment, which may be set at the discretion of those of ordinary skill in the art according to functions
implemented whereby, on the condition that the input clock signal can be converted to a co-frequency fully differential
signal for output and is injected into the crystal 101, and details will not be elaborated herein.

[0049] Additionally, the digital counter 202 may set a maximum number of injection times according to clock accuracy
of a frequency divided clock signal received. When the digital counter 202 reaches a certain value, the control signals
en and enb in FIG. 2 are flipped, the oscillation injecting circuit 102 is turn off and the negative resistance circuit 103 is
turned on. Specifically, the oscillation injecting circuit 102 and the digital counter 202 are turned off, the negative resistance
circuit 103, the phase frequency detecting circuit 305 and the filter circuit 306 are turned on, such that the crystal oscillator
circuit 100 is subjected to a normal oscillation, and provide as a reference clock to the phase-locked loop 300, then the
system enters the normal operation mode, such that a switch between the quick-start mode and the normal operation
mode is achieved.

[0050] After the system enters the normal operation mode, the injection control signal en=0 (a preset inactive state)
and the negative resistance control signal enb=1 (a preset active state), in which case only the negative resistance
circuit 103 is operating in the crystal oscillator circuit 100 and the oscillation injecting circuit 102 is turned off; the phase-
locked loop 300 forms a closed loop, where the digital control terminal of the programmable voltage-controlled oscillator
circuit 301 is provided by the digital memory 201 in the digital subsidiary circuit 200. This mode is a common operating
scenario with the crystal oscillator circuit 100 plus the phase-locked loop 300, which will not be elaborated herein.
[0051] Itshould be noted that, inthe quick-start mode, the negative resistance circuit 103, the phase frequency detecting
circuit 305 and the filter circuit 306 are turned off, the programmable voltage-controlled oscillator circuit 301 may be
connected to a reference voltage Vi, in which case the programmable voltage-controlled oscillator circuit 301 can output
a third clock signal based on the reference voltage, the frequency of the third clock signal is approximate to frequency
multiplication of a crystal oscillator frequency; while in the normal operation mode, the negative resistance circuit 103,
the phase frequency detecting circuit 305 and the filter circuit 306 are turned on, the programmable voltage-controlled
oscillator circuit 301 may be connected to a signal of the filter circuit 306, and output a fourth clock signal based on the
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signal of the filter circuit 306, the frequency of the fourth clock signal is accurate frequency multiplication of the crystal
oscillator frequency. In a specific application, the fourth clock signal may be generated by means of the normal operation
mode firstly, such that an actual control word of the programmable voltage-controlled oscillator circuit 301 may be found
according to the fourth clock signal. Afterwards, obtain the third clock signal by switching to the quick-start mode, and
directly output a clock signal whose voltage generating frequency is approximate to the frequency of the third clock
signal, thus, stability and reliability of the whole clock system is guaranteed.

[0052] Furthermore, FIG. 4 shows a schematic diagram of an equivalent circuit of the crystal oscillator circuit in the
quick-start mode, the left part of which is a schematic structural diagram of the crystal oscillator circuit 100, and the right
part of which is the schematic diagram of the equivalent circuit of the crystal oscillator circuit 100. It may be obtained
from the circuit diagram that the electric current flowing through the inductor is:

I() ViWi 1
S) =
2 2
7+ W sL+%+R

where s is the digital control value of the programmable voltage-controlled oscillator circuit 301.
[0053] Presuming that the resonance frequency of the LC in the crystal 101 is wg, then a quality factor Q is defined as:

w;L 1

[0054] Then, the inductor current can be simplified as:
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[0055] Through an inverse Laplace transform to the above equation, the inductor current in time domain can be
obtained as:
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[0056] Since the crystal 101 has a very large Q value, which commonly amounts to a magnitude of 1-100,000, thus
presuming that Q amounts to infinite, then the above equation is transformed to:

oo (D) = = ——1[cos(wot) — cos(wit)]
Is,qoe0(D) = — 7 (ol — b cos(wg cos(w;
Vi 2(1)1

. . 0 si Wg — Wj t
~ Im sin(wgt) sin (T )

[0057] The waveform of the equation is shown in FIG. 5, it can be seen that because of the offset between the injection
frequency fi and the resonant frequency fs, a modulation frequency occurs, thus a stagnation point arises in every gap
of frequency difference |fs-fi|, which neutralizes all the energy injected beforehand. Therefore, the number of injection
cycles set by the digital counter 202 should not exceed a half cycle of the frequency difference, namely:
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fs
n<—"—
2|fs_fi|

[0058] The waveform of the inductor current under different frequency differences is shown in FIG. 6, where the solid
line represents a schematic diagram illustrating a change in the inductor current over time when the frequency difference
Af=10%, and the dotted line represents a schematic diagram illustrating a change in the inductor current over time when
the frequency difference Af=2%. It can be seen that the smaller the frequency difference (i.e. [fs-fi|) is, the greater the
extremum of the current envelope, namely, the greater the injected energy is, the time for oscillation stabilization of the
crystal oscillator circuit 100 is shorter after an entry into the normal operation mode from the quick-start mode. When
the frequency difference is almost 0, the equation of the inductor current may be simplified as below:

Vi _wst
s wjomg = isin(wst) <1 +e 2Q>

[0059] It can be seen that the energy injected into the crystal 101 exponentially rises over time when the injection
frequency is very close to the resonant frequency, thus, the aim can be achieved by means of improving the coarse
tuning accuracy of the programmable voltage-controlled oscillator circuit 301.

[0060] By means of multiplexing the programmable voltage-controlled oscillator in the phase-locked loop 300, using
the frequency divided clock whose frequency has been coarsely tuned by the frequency dividing circuit 302 as an input
source, and then setting the number of injection times according to the known coarse tuning accuracy, the efficiency of
frequency injection is improved without increasing costs, and the crystal 101 can be started very fast, and the practicability
of the system is improved effectively, which is conducive to promotion and application in the market.

[0061] FIG. 7 is schematic flowchart of a control method based on a quick-start clock system according to an embod-
iment of the present invention. As shown in FIG. 7, a control method based on a quick-start clock system is provided in
the present embodiment, where the specific structure of the quick-start clock system is shown in FIG. 2, based on the
above quick-start clock system, the control method includes:

S101: obtaining an injection control signal which is configured to control an oscillation injecting circuit and a negative
resistance control signal which is configured to control a negative resistance circuit.

S102: controlling the quick-start clock system according to the injection control signal and the negative resistance
control signal.

Specifically, the controlling the quick-start clock system according to the injection control signal and the negative
resistance control signal may include:

S1021: if the injection control signal is in a preset active state, and the negative resistance control signal is in a
preset inactive state, controlling the oscillation injecting circuit to inject a co-frequency fully differential signal into
the crystal.

[0062] At this time, the system is in a quick-start mode, namely, the negative resistance circuit, the phase frequency
detecting circuit and the filter circuit are turned off, the programmable voltage-controlled oscillator circuit will read a digital
control value from the digital memory, the value may be an optimal digital control value obtained in a previous normal
operation mode. Additionally, the voltage control terminal of the programmable voltage-controlled oscillator circuit may
be connected to a reference voltage Vg, and output a clock signal. After being subjected to the frequency dividing
operation by the frequency dividing circuit, the clock signal is input into the oscillation injecting circuit and the digital
counter, where the oscillation injecting circuit converts the input clock into a co-frequency fully differential signal for
output and injects it into the crystal, and the digital counter counts the number of injection cycles. At this time, the digital
counter may set a maximum number of injection times according to clock accuracy of an injecting clock source, after
the digital counter reaches a certain value, the control signals en and enb in the systemin FIG. 2 are flipped, the oscillation
injecting circuit is turned off and the negative resistance circuit is turned on. Specifically, the oscillation injecting circuit
and the digital counter are turned off, the negative resistance circuit, the phase frequency detecting circuit and the filter
circuit are turned on, such that the crystal oscillator circuit is subjected to a normal oscillation, and provide as a reference
clock to the phase-locked loop, then the system enters the normal operation mode, such that a switch between the
quick-start mode and the normal operation mode is implemented.

[0063] S1022: if the injection control signal is in a preset inactive state, and the negative resistance control signal is
in a preset active state, controlling the crystal to form an oscillation loop with the phase-locked loop through the negative
resistance circuit.

[0064] At this time, the system is in the normal operation mode. Specifically, only the negative resistance circuit is
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operating in the crystal oscillator circuit and the oscillation injecting circuit is turned off; the phase-locked loop forms a
closed loop, where the digital control terminal of the programmable voltage-controlled oscillator circuit is provided by
the digital memory in the digital subsidiary circuit.

[0065] It should be noted that the method in the present embodiment further includes:

S201: if the injection control signal is in a preset active state, and a count control signal which is configure to control
the digital counter is in an active state as well, obtaining a first count control signal which is configured to control
the digital counter, and controlling the digital counter to start a counting operation according to the first count control
signal.

S202: if the injection control signal is in a preset inactive state, and a count control signal which is configure to
control the digital counter is in an inactive state as well, then obtaining a second count control signal, and controlling
the digital counter to stop a counting operation according to the second count control signal.

[0066] Furthermore, the method may further include:

S301: if the negative resistance control signal is in a preset active state, and a detection control signal which is
configured to control the phase frequency detecting circuit and a filter control signal which is configured to control
the filter circuit are both in an active state, obtaining a first detection control signal and a first filter control signal,
controlling the phase frequency detecting circuit to start operating according to the first detection control signal, and
controlling the filter circuit to start operating according to the first filter control signal.

S302: if the negative resistance control signal is in a preset inactive state, and a detection control signal which is
configured to control the phase frequency detecting circuit and a filter control signal which is configured to control
the filter circuit are both in an inactive state, obtaining a second detection control signal and a second filter control
signal, controlling the phase frequency detecting circuit to stop operating according to the second detection control
signal, and controlling the filter circuit to stop operating according to the second filter control signal.

[0067] Implementation processes and beneficial effects of the control method of the quick-start clock system provided
in the present embodiment are the same as the working principles and beneficial effects of the quick-start clock system
corresponding to the foregoing embodiments of FIG. 1- FIG. 6, which may be specifically referred to the content in the
foregoing description, and will not be elaborated herein.

[0068] Another aspect of the embodiments of the present invention provides a computer readable storage medium
having stored thereon a program instruction, where the program instruction is used for the foregoing control method of
the quick-start clock system.

[0069] The technical solutions and technical features in the above various embodiments may be used separately or
in combination if not conflicting with each other, these cases are considered to be equivalent embodiments within the
protection scope of the present application as long as they do not exceed the perception of those skilled in the art.
[0070] In the several embodiments provided in the present invention, it should be understood that the related device
and method disclosed may be implemented in other manners. For example, the device embodiments described above
are merely illustrative. For example, the partition of the module or unit is only a logical function partition. There may be
other manners for partition in an actual implementation, for example, multiple units or components may be combined
with or integrated into another system, or some features may be omitted or not executed. In addition, the mutual coupling
or direct coupling or communication connection shown or discussed may be implemented through some interfaces, an
indirect coupling or communication connection between devices or units may be electrical, mechanical or otherwise.
[0071] The units described as discrete components may or may not be physically separated, a component shown as
a unit may or may not be a physical unit, namely, it may be located in one place, or may be distributed in multiple network
elements. Some or all of the units may be selected according to actual needs to achieve the purpose of the solution of
the embodiments.

[0072] The integrated units may be stored in a computer readable storage medium if being implemented in the form
of a software functional unit and sold or used as a standalone product. Based on such understanding, the technical
solutions of the present invention, substantively, or a part of which that makes a contribution to the prior art, or the whole
or a part of which, may be embodied in the form of a software product which is stored in a storage medium, where a
plurality of instructions are included to cause a computer processor to execute all or part of the steps of the methods
described in the various embodiments of the present invention. The foregoing storage medium includes: a USB flash
disk, a mobile hard disk drive, a read-only memory (ROM), a random access memory (RAM), a magnetic disk or an
optical disk, or other medium that can store program codes.

[0073] The foregoing description is simply embodiments of the present invention, and is not intended to limit the scope
of the present invention. An alteration for an equivalent structure or equivalent process made based on the specification
and the drawings of the present invention, or a direct or indirect application to other related technical fields, shall all be
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included in the protection scope of the present invention for the same reason.

[0074] Finally, it should be noted that the above embodiments are only used to explain the technical solutions of the
present invention but are not intended to limit the present invention; although the present invention has been described
in detail with reference to the foregoing embodiments, those of ordinary skillin the art should understand that modifications
can be made to the technical solutions recorded in the embodiments, or some or all technical features thereof may be
substituted by their equivalents, and such modifications or substitutions do not cause the nature of the corresponding
technical solutions to deviate from the scope of the technical solutions of the embodiments of the present invention.

Claims
1. A quick-start clock system, comprising:

a digital subsidiary circuit, configured to output a digital control value;

a phase-locked loop, comprising a programmable voltage-controlled oscillator circuit and a frequency dividing
circuit, wherein the programmable voltage-controlled oscillator circuit and the frequency dividing circuit are
connected to the digital subsidiary circuit, and the frequency dividing circuit is connected to the programmable
voltage-controlled oscillator circuit, the programmable voltage-controlled oscillator circuit is configured to obtain
the digital control value output by the digital subsidiary circuit, and output a clock signal according to the digital
control value, the frequency dividing circuit is configured to perform a frequency dividing operation on the clock
signal output by the programmable voltage-controlled oscillator circuit; and,

a crystal oscillator circuit connected to the phase-locked loop, comprising a crystal and an oscillation injecting
circuit connected to the crystal, wherein the oscillation injecting circuit is configured to convert the clock signal
performed with the frequency dividing operation to a co-frequency fully differential signal, and inject the co-
frequency fully differential signal into the crystal.

2. The system according to claim 1, wherein the digital subsidiary circuit comprises a digital memory connected to a
digital control terminal of the programmable voltage-controlled oscillator circuit, the digital control terminal is con-
figured to, when the phase-locked loop starts operating, automatically search a frequency band control word cor-
responding to a voltage and frequency of the programmable voltage-controlled oscillator circuit.

3. The system according to claim 2, wherein the digital subsidiary circuit further comprises a digital counter connected
to the frequency dividing circuit, and the digital counter is configured to count a number of injection cycles of the
injection of co-frequency fully differential signal into the crystal.

4. The system according to claim 3, wherein the digital counter is configured with a count control terminal, the count
control terminal is configured to control, according to a count control signal, the digital counter to perform or stop a
counting operation.

5. The system according to claim 1, wherein the crystal oscillator circuit further comprises a negative resistance circuit
connected to the crystal;
the phase-locked loop further comprises a filter circuit, and a phase frequency detecting circuit connected to the
negative resistance circuit, the phase frequency detecting circuit is connected to the filter circuit and the oscillation
injecting circuit.

6. The system according to claim 5, wherein the negative resistance circuit is configured with a negative resistance
control terminal, the negative resistance control terminal configured to control a connection or disconnection between
the negative resistance circuit and the crystal according to a negative resistance control signal.

7. The system according to claim 5, wherein the phase frequency detecting circuit and the filter circuit are respectively
provided with a detection control terminal and a filter control terminal, the detection control terminal is configured to
control a connection or disconnection of the phase frequency detecting circuit according to a detection control signal,
the filter control terminal is configured to control a connection or disconnection of the filter circuit according to a filter
control signal.

8. Thesystem according to claim 1, wherein a voltage control terminal of the programmable voltage-controlled oscillator

circuit is connected to a reference voltage circuit, the reference voltage circuit configured to provide a reference
voltage signal for controlling the programmable voltage-controlled oscillator circuit to operate.
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The system according to claim 8, wherein the reference voltage circuit comprises a switch, the switch is configured
to perform a connection or disconnection operation according to a voltage control signal.

The system according to any one of claims 1-9, wherein the oscillation injecting circuit is configured with an injection
control terminal, the injection control terminal is configured to control a connection or disconnection between the
oscillation injecting circuit and the crystal according to an injection control signal.

11. A control method based on the quick-start clock system according to claim 1, comprising:

12.

obtaining an injection control signal for controlling the oscillation injecting circuit, and a negative resistance
control signal for controlling a negative resistance circuit; and

controlling the quick-start clock system according to the injection control signal and the negative resistance
control signal.

The control method according to claim 11, wherein the controlling the quick-start clock system according to the
injection control signal and the negative resistance control signal comprises:

when the injection control signal is in a preset active state, and the negative resistance control signal is in a
preset inactive state, controlling the oscillation injecting circuit to inject a co-frequency fully differential signal
into the crystal; or

when the injection control signal is in a preset inactive state, and the negative resistance control signal is in a
preset active state, controlling the crystal to form an oscillation loop with the phase-locked loop through the
negative resistance circuit.

13. The control method according to claim 12, further comprising:

when the injection control signal is in a preset active state, obtaining a first count control signal, and controlling
the digital counter to start a counting operation according to the first count control signal; or

when the injection control signal is in a preset inactive state, obtaining a second count control signal, and
controlling the digital counter to stop a counting operation according to the second count control signal.

14. The control method according to claim 12, further comprising:

when the negative resistance control signal is in a preset active state, obtaining a first detection control signal
and a first filter control signal, controlling the phase frequency detecting circuit to start operating according to
the first detection control signal, and controlling the filter circuit to start operating according to the first filter
control signal; or

when the negative resistance control signal is in a preset inactive state, obtaining a second detection control
signal and a second filter control signal, controlling the phase frequency detecting circuit to stop operating
according to the second detection control signal, and controlling the filter circuit to stop operating according to
the second filter control signal.

15. A computer readable storage medium having stored thereon a program instruction, wherein the program instruction

is used to implement the control method of the quick-start clock system according to any one of claims 11-14.

12
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